Abstract. Pricing and advertising is one of the most important decisions in each supply chain, especially in the competitive environment. In previous studies, this has been a centralized decision. However, if each channel member makes decision independently, the utility of all members is optimized. In such decentralized situations, channel members may have di erent market power to in uence other members' decisions. These issues can be modeled through leader-follower Stackelberg game or bi-level programming. This study investigates coordination of pricing and cooperative advertising in a two-stage supply chain consisting of one dominant retailer and multiple competitive manufactures, producing several perishable and substitutable products. This paper aims to determine pricing and cooperative advertising decisions expenditure as well as the amount of manufacturers' production or retailer's purchase, such that the utility of all members is met. Hence, the problem is modeled as a multi-follower bi-level programming problem. Since it is proved that the model is NP-hard, the proposed model is solved through simulated annealing. A numerical example is used to show the impact of demand's variations on the members' decisions.
Introduction
A supply chain consists of some members with possible di erent power structures. This study explores the members' decisions, whereas a retailer plays a more dominant role than manufacturers do (e.g., Wal-Mart and Tesco).`Dominant' here implies a channel member with a power to control or in uence another member's decisions [1] . Such large-scale retailers have signi cant in uence on their suppliers so that they may have e ect on the speci cations of products. Wal-Mart is the world's most important institution that controls the economy, privately. It has both positive and negative impacts on consumers based on its business style and performance. Some of these e ects include a decrease in local prices, continual pressure on in ation, and continual cost investigation in a wide range of businesses that survive on lower pro t margins [2] .
In our channel, manufacturers engage in a horizontal competition; hence, pricing and advertising decisions as marketing tools become important. Often, these decisions are made collectively, simultaneously, which have an impact on the sales and on the pro ts of the supply chain members. While many researches were done on the advertising strategies or pricing policies in the past, few models considered both pricing and advertising decisions together because of the complexity of such models [3] .
In this study, a two-stage supply chain with one dominant retailer and multiple competitive manufacturers is considered which produces a number of perishable and substitutable products. The channel members aim to determine values of their decision variables so that the utility of each member can be maximized. The utility of the retailer is its revenue and that of the manufacturers is their pro t. The decision variables are the amount of production/purchase, advertising expenditure, and wholesale/retail prices as well as inventory level of the retailer. The chain has a decentralized structure in which each member has di erent powers to make decisions. To depict such situations, bi-level programming can be helpful.
The paper is organized as follows: First, in Section 2, we present a brief literature review. The next section describes the model as a multi-divisional bi-level programming model. Section 4 details the proposed algorithm, parameter tuning as well as performance measurement. In Section 5, managerial insights of this study are presented through a numerical example. Finally, this study is concluded by some recommendations for future study.
Literature review
Some researches in the literature investigated the supply chains with the dominant members. The concept of \retailer dominance" is studied in light of two aspects in the game-theoretic supply chain literature. The rst aspect, \parallel dominance", considers a powerful retailer encroaching domination over other competing retailers (e.g., see [4, 5] ). The second aspect is \vertical dominance", where a retailer dominates a manufacturer in a Stackelberg gaming relationship (e.g., see [6, 7] that considered a dominant retailer dictating the unit wholesale price as well as the order quantity and unit retail price).
Hua and Li [1] developed retailer-dominant noncooperative game models in which the retailer's order quantity was sensitive to the manufacturer's wholesale price. Lau et al. [8] studied how a dominant retailer could design purchase contract in a newsvendortype product from a manufacturer with price-sensitive demand. Pan et al. [9] constructed a two-period model to discuss pricing and ordering problems for a dominant retailer with demand uncertainty in a declining price environment. Wang et al. [10] considered a dominated manufacturer supplying a dominant retailer with asymmetric cost information to design the purchase contract. Chen and Zhuang [11] considered coordination model in a supply chain with a dominant retailer's sales promotion opportunity and possible demand disruption. Wang et al. [12] investigated percentage-markup and dollar-markup pricing schemes for a Stackelberg-dominant retailer. They showed that if a dominant retailer shifted from dollar to percentage markup, the channel's \overall pie" and the retailer's \pie-piece" would be both enlarged. Dukes et al. [13] studied the product quality motivations in a channel with two asymmetric retailers and one common manufacturer. They demonstrated that if the lowservice retailer becomes dominant in the channel, it might lead to low-level quality that is damaging to the other members of the channel.
Several researches have been conducted on the coordination of pricing and advertising decisions in the supply chains. Yue et al. [14] and Szmerekovsky and Zhang [15] developed a price discount model to coordinate the advertising expenditures of the two parties in a two-echelon supply chain. They assumed that the consumer demand was dependent on the retail price and co-op advertising expenditure. Xie and Neyret [16] considered di erent classical types of relationships between a manufacturer and a retailer to identify the optimal pricing and co-op advertising strategies. Xie and Wei [17] studied the co-op advertising and pricing problems in a one-manufacturer one-retailer channel where the sales response is a function of advertising expenditures and retail price. Yan [18] studied both cooperative advertising and pricing strategy in a manufacturer-e-retailer supply chain for categories of products. The leader-follower Stackelberg and strategic alliance model was established. Aust and Buscher [19] applied the game theory to the existing research that deals with advertising and pricing decisions in a manufacturerretailer supply chain simultaneously. Zhang et al. [20] proposed a dynamic cooperative advertising model for a manufacturer-retailer supply chain and analyzed how the reference price e ect would in uence the decisions of all the channel members. Mokhlesian and Zegordi [21] considered coordination of pricing and inventory decisions in a two-echelon supply chain consisting of several competitive retailers and one manufacturing, who produces some substitutable products. Chintapalli [22] combined pricing and inventory control for the perishable goods, when demand is uncertain and price-sensitive.
Our main interest is to investigate how the manufacturers and the retailer make their own decisions when facing di erent market power structures in a decentralized supply chain. We aim to determine the amount of production/purchase, advertising expenditure, and inventory level of retailer as well as wholesale/retail prices. The main contribution of this study is to coordinate pricing and advertising in a channel with a dominant retailer and multiple competitive manufacturers. The multi-follower bi-level programming is useful to model and describe this situation.
The contributions of this study are as follows:
Investigation of several decisions to improve the performance of the supply chain;
Allowing each member to make his/her decisions, separately, while being considerate of others' preferences instead of usual optimization approaches;
Consideration of di erent market power that makes it possible to in uence decisions of the other member.
Problem description
Decentralization of a supply chain allows members to make decisions, independently. In such a decentralized situation, some channel members may have more power than others to make decisions. These powerful members as leaders can in uence or control the decisions of the other members, namely followers. To depict this situation, leader-follower Stackelberg game or bi-level programming is useful.
In this study, a supply chain consisting of multiple competitive manufacturers and one dominant retailer is considered to coordinate the pricing and advertising decisions of all channel members. The manufacturers produce several perishable and substitutable products. It is assumed that each product has two period life cycles. Fresh products can be sold for two periods; therefore, those not sold in the rst period can be sold in the next period. The unsold products, whose life cycles are expired, must be thrown away. The retailer orders only refresh goods once in each period. Since the consumers prefer fresh goods, the retailer suggests lower prices to encourage consumers to purchase the unsold products to prevent their quality deterioration. Some of these products are substitutable. It means that if a product is not available when it is demanded, its substitute will be o ered instead. Therefore, an increase in the price of each product leads to an increase in the demand of its substitute.
It is possible to inform and persuade consumers by expending more costs for advertising, which can lead to higher pro t through more sales. The goal of advertising is to increase the demand of the nal consumers. Both pricing and advertising may be applied as marketing tools to attract customers and increase demand. Advertising plays an important role in stimulating customers. A manufacturer's national advertising is aimed to in uence potential consumers to purchase his/her product. On the other hand, a retailer's advertising is intended to increase retail sales.
The aim of each channel member is to determine lot size, prices, and advertising expenditures to maximize its pro t or revenue. The considered problem has a hierarchical decision-making structure; therefore, compared to the single-level model, the BiLevel Programming Problem (BLPP) must be used to facilitate the formulation of the problem. In addition, bi-level programming is useful for consecutive decisionmaking. Because it is assumed that the retailer plays a more dominant role than the manufacturers do, the retailer is considered as the upper-level leader and the manufacturers are considered as the lower-level followers.
This structure may be used in some distribution channels of perishable products, such as the channel of vegetables, dairy, and other foods.
This problem is formulated as a bi-level programming model to allow both retailer and manufacturers to decide independently, according to each other's decisions. Hence, each member of the channel tries to maximize his/her pro t.
The general bi-level programming models are as follows:
s.t.:
G(x; y) 0;
g(x; y) 0;
where x 2 R n 1 and y 2 R n 2 . Upper-level (leader) constraints consist of variables from both levels (in contrast with the constraints speci ed by set X) and play a very particular role, indirectly as they do not enforce the lower-level (follower) decision-making [23] .
Assumptions and notations
Some of the other assumptions considered to construct the model are as follows:
1. Life cycles of all products are considered to be the same and equal to two periods; 2. It is assumed that planning horizon is equal to the products' life cycle; 3. The retailer's demand of each product is equal to the nal consumers' order for this product; 4. Demand of each product is price sensitive (a function of its price, price of substitutable products, and competitive prices as well as advertising expenditure); 5. The retailer purchases only fresh products from the manufacturers; 6. The retail prices of each fresh product and unsold product are di erent; 7. No shortage is permitted; 
where u j ik (p j ik ) shows the impact of the retail price on the retailer's demand, and K(a ik ; A 0 ik ) demonstrates the impact of the advertising expenditures on the demand, also known as the sale response function.
A linear function is assumed for u j ik (p j ik ) as follows: 
The substitutability of products is shown by P l2J i j ilk p j lk in Eq. (2). To put it di erently, if the price of each product increases, then the demand of its substitute increases. The impact of competition between manufacturers is shown through P f6 =k j ilf p j lf , which means that increasing its competitors' prices leads to an increase in demand [24] .
There are several estimations of the sales response function with respect to the advertising expenditures in the literature. Since both types of advertising e orts could in uence sales, the advertising e ects on the consumer demand are considered as follows:
where k ik r and k ik m are positive constants indicating the e ciency of each type of advertising in attracting demand. The demand in Eq. (5) is an increasing and concave function with respect to a ik and A 0 ik because of \advertising saturation e ect". It means that spending additional advertising expenditure continuously weakens the demand [17] .
Lemma. K(a ik ; A 0 ik ) is concave in A 0 ik .
Proof. The concave property of K(a ik ; A 0 ik ) can be veri ed by taking the second-order derivative of Eq. 
The multi-follower bi-level programming model of the problem can be modeled to determine the decision variables of each level, which maximize its own utility: (21) Objective function (10) maximizes the net revenue of the retailer in planning horizon from sales. Constraint set (11) shows the dominant retailer's demand for each product in each period which is a function of its retail price, the retail prices of the substitutable products, and the retail prices of the other competitors as well as advertising expenditures. Constraint sets (12) and (13) demonstrate the limited budget and warehouse in each period for retailer, respectively. Constraint set (14) does not allow the shortage. Constraint set (15) demonstrates the amount of retailer's inventory in each period. Constraint set (16) shows the allowed sign of the retailer's decision variables. Objective function (17) maximizes the net pro t of each manufacturer in the planning horizon. The pro t of the manufacturer equals the revenue gained by sales minus the costs including advertising, production, and xed costs. Constraint (18) shows the limited budget in each period. Constraint set (19) demonstrates the limited production capacity in each period. Constraint set (20) prevents the lack. Constraint set (21) shows the allowed sign of the manufacturer's decision variables.
The rst inventory level of each product for retailer is assumed to be zero, i.e., I 0 ik = 0, 8 i; i = 1; 2; ; N; 8 k; k = 1; 2; ; K.
The proposed algorithm
It is proved that the proposed bi-level programming model is NP-hard (see Appendix A). Therefore, metaheuristic methods are useful to solve it. Hence, simulated annealing is used to solve the proposed model. SA as a form of local search algorithm (a descent algorithm) commences from an initial solution. The basis of SA is the rules of statistical mechanics so that the annealing process comprises warming and, then, slowly cooling a material to obtain a strong crystalline structure. The strength of the achieved structure depends upon the metals' cooling rate. Low initial temperature or fast cooling disrupts the process by not reaching the thermal equilibrium at each temperature. The SA algorithm simulates the energy changes in a system that is exposed to a cooling process until it converges to an equilibrium state. This mechanism can be applied to an optimization problem. The objective function of the problem plays the role of the system energy state. A solution to the optimization problem is a system state. The decision variables of the problem are similar to the molecular positions [25] .
The important parameters of SA include an initial value of temperature, a cooling function, the number of Number of iteration f at each temperature
Number of neighbors ns
Number of temperature levels ql between Tmax and Tmin neighbors to be searched at each temperature (to reach equilibrium state), and a stopping criterion that are used terminate the algorithm [26] . The linear cooling as a cooling function and the termination condition reaching the nal temperature are considered in this study. Neighbors are generated through migration mechanism. In this mechanism, a neighbor is generated from the current solution by relocating two randomly selected positions into two new randomly selected positions. Table 1 shows the notations of the algorithm parameters. Figure 1 demonstrates the details of SA algorithm applied to the proposed algorithm.
Parameter tuning
Determining the appropriate values for the parameters of algorithm can a ect the quality of the solutions and run time. ANOVA is one of the most common approaches in the design of experiments. This approach identi es the parameters with signi cant e ect on the response function. The sum of objective functions of all channel members is considered as a response function. Initial implementations of test problems demonstrate that the change in the values of T max , T min , and ql cannot improve the value of response function. Hence, the values of these parameters can be xed at rst as follows:
T max = 70; ql = 10; T min = 20:
A general factorial Design Of Experiment (DOE) is considered to investigate the e ect of the parameters. From the initial experimentation, two factors must be studied. In addition, for each factor, two levels should be examined. The values of these levels are observed in Table 2 . For each combination of two factors under study, 45 problems randomly generated are solved to measure the responses. These problems are selected from a given dataset, as shown in Table 3 . Table 4 demonstrates the analysis of variance (ANOVA) while the response is the value of the tness function.
The rst column in Table 4 named \sources" denotes the factors (parameters) which in uence the response function (the value of the tness function). The second column indicates the degrees of freedom for each factor. The third column points to the sum of squares. The fourth column identi ed as \MS" reveals the deviations from the sample mean. The results of F-test are presented in F column. The last column indicates the signi cance level. According to Table 4 , the interaction between parameters has signi cant e ect at the 0.1 level. Student-Newman-Keules test is used to choose the best level for the signi cant parameters after implementing experiment [27] . The results of parameter tuning are as follows: ns = 20; f = 30:
Performance measurement
To measure the quality of solutions obtained by the applied algorithm (SA), its results are compared with those by the proposed PSO by Gao et al. [28] . As a comparison criterion, Relative Percentage Deviation (RPD) is bene cial, which is calculated as follows: RPD = Sol best Sol alg Sol best 100;
where Sol best is the best achieved solution for each instance through each of two algorithms, and Sol alg is the best solution found by the applied SA. Solving has been implemented on a personal computer with Intel ® core TM i3 CPU 2.4 GHz and 2 GB RAM, and the proposed algorithms have been coded with MATLAB 2013. The results of this comparison are presented in Table 5 . According to Table 5 , the greater problem size will lead to the larger deviation and more run time due to larger feasible space, which should be searched. It is interpreted from these results that the applied algorithm is 2.05% below the best obtained solution on average in the small size, 1.88% in the medium size, and 1.24% in the large size.
Numerical example
The members' decisions are in uenced by the consumers' demand. The demand is a ected by the market scale and elasticity coe cient parameters. Therefore, the impact of these parameters on the members' decisions is examined.
To analyze the e ect of retail/wholesale prices on the chain decisions, a small example with 10 products and 5 retailers is examined. These e ects are related to the market scale and elasticity coe cient parameters. To investigate the e ect of these parameters, the values of each of them vary, while other parameters are constant. The results of changing j ik are presented in Table 6 . It is assumed that all j ik s are equal. Table 6 indicates that a larger dominant retailer's market scale results in lower retail prices to invite consumers for more purchase. Furthermore, the manufacturers should decrease the wholesale prices to encourage the dominant retailer to buy. They may incur more cost for advertising. Therefore, both the dominant retailer and the manufacturers can gain more pro t through more sales. The results demonstrate that when market scale of dominant retailer is enlarged, the manufacturers and dominant retailer gain more pro t through more sales. Increased sales are achieved by more advertising and lower prices to attract consumers. Table 7 shows the results of the coe cient of the retailer's demand elasticity. It is assumed that all j ilk s are equal.
According to Table 7 , if consumers are sensitive to the retail prices, the dominant retailer should lessen the proposed prices to maintain and increase his/her customers. In such a competitive environment, the manufacturers may decrease their wholesale prices or increase their national advertising expenditure to improve their sale amount. In this case, the dominant retailer and the manufacturers may deal with pro t reduction. In other words, when the consumers are sensitive to the prices, the manufacturers and dominant retailer must o er their products with lower prices, which can encourage the costumers or more expenditure for advertising to inform them about more purchase. These e orts lead to an increase in their pro t.
Conclusion
Decentralization is the main purpose of this study. One aspect in the decentralized channels was the di erence between power of members to make decisions and controlling the decisions of the other members. Bilevel programming is a helpful approach to confronting these situations.
This study considered a two-stage supply chain consisting of one dominant retailer and multiple competitive manufactures which produce several perishable and substitutable products. The aim of this study was investigation of coordination of pricing and cooperative advertising in a decentralized supply chain. In this decentralized chain, the dominant retailer has more power to control other members' decisions. Hence, the former plays the leader role, and the manufacturers are his/her followers. Each member decides on the prices, advertising expenditures, as well as production or purchase amount. This problem was modeled as a multi-follower bi-level programming model.
Since it is proved that the proposed bi-level programming model is NP-hard, metaheuristic methods are useful to solve it. Hence, simulated annealing was applied to solve the proposed model. Then, this algorithm was compared with an existing PSO method. The implementation of test problems indicated an acceptable preference of SA to the PSO in this problem.
The illustrated results from the proposed model demonstrated that when the dominant retailer was price-sensitive, the manufacturers should decrease the wholesale prices and increase the national advertising expenditures to encourage the retailer to purchase. This causes an increase in their pro ts through enlarged sales. On the other side, the dominant retailer could increase the pro t through xed retail prices and increase sales due to more advertising. However, when the consumers were price-sensitive, both the dominant retailer and manufacturers should reduce their prices to decrease pro t reduction.
The examination of market scales demonstrated that when the market scale of the manufacturers or the dominant retailer is enlarged, both of channel members should decrease their prices to increase their market share and their pro t.
Our analysis might also have some limitations. Firstly, we investigated a retailer with vertical dominance, while parallel dominance is possible in the Since Q is not PSD, it is interpreted that the above nonconvex quadratic programming problem is NPHard [29] . Through below transformations, the above QP is transformed to the lower-level (manufacturer) problem: Through these transformations, nonconvex QP is reduced to the manufacturer's problem (p1) as a subproblem of the proposed problem (main problem). Since this nonconvex quadratic programming problem is NP-hard, the manufacturer's problem is NP-hard, too. As (p1) is NP-hard, the main problem is NP-hard, too, because the degree of the complexity of a subproblem is not less than the main problem. 
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